SI. Methods

Study area
. Sampling sites at Hebden Beck showing the underlying geology comprised by the Millstone grit and Liddesdale-Yoredale bedrock. Hydrological and Geological base maps contain OS data © Crown copyright and database right (2016). Table S1 . Sampling sites along Hebden Beck. Three locations were adopted from Valencia-Avellan et al. (2017a) [1] 
Sampling conditions
Conditions 
Samples treatment and in situ measurements
Different treatments were applied based on the purpose of the analysis. For dissolved metals, subsamples were placed into a 15 ml tube (polypropylene) containing 300 l of preservation solution (10% HNO 3, nitric acid-Sigma Aldrich 69% and Milli-Q water) to reach a pH ≤ 2. For the analysis of major ion, DIC and DOC filtered subsamples were placed individually into 15 ml tubes. All samples were kept in a cool box during sampling. In the laboratory all samples were refrigerated at 4C.
Measurements of in situ water quality parameters (temperature and pH) were recorded by using pre-calibrated multiple sensor probes (Model HQ30d flexi 1032). Spot flow measurements were recorded at all sites before setting the auto samplers and after 24 hours of water collection. Field blanks and replicates were processed as samples.
Data analysis
Geochemical modelling
The PHREEQC code (version 3) [2, 3] was used for identifying the mineral phases controlling dissolved metal concentrations. Equilibrium reactions and thermodynamic constants were retrieved from the built-in WATEQ4F database. [4] [5] [6] Mineral saturation indexes and metal free ions activities for hydroxide, carbonate and sulfate minerals were calculated at pCO 2 = 0.0012 atm, pH range of 6.5-8.5 and based on mean values across field sites and sampling dates: 
Speciation modelling
The distribution of metal chemical species was estimated by applying the Windermere Humic
Aqueous Model (WHAM/Model VII). Measurements of temperature and dissolved water chemistry were used as input data. Concentrations of dissolved organic carbon were converted to fulvic acid assuming DOM to be composed of 50% carbon and the active fraction considered to be 65% fulvic acid (FA= DOC x 1.3). [7] We considered the presence of oxides as being either active or inactive with respect to surface sorption as described in Valencia-
. [8] Activity of Al and Fe oxides was calculated from the dissolved metal data and the equations derived by Tipping [9] and Lofts and Tipping [10] respectively, with the lower of the two values being adopted, in order to exclude the likelihood of colloidal material being included in the dissolved fraction.
Toxicity modelling
Toxic effects of protons and metals were evaluated by using a parametrised version of WHAM called WHAM-F TOX . [11] The metal toxicity function (F TOX ) is considered a product of each toxic cation-bound concentrations (v i = mmol/g) and the toxicity coefficient of each metal (α i ) adopted from Stockdale et al. (2010) . [11] Figure S4 . Mass of Pb and Zn (kg/hr) passing the main channel during episodic flow.
SI. Results
Different concentrations were measured for SO 4 2-, DIC and DOC possible due to overland flow or interflow have been identified. From LF to PPF, a 2300% increase in SO 4 2-concentrations occurred in ET, which are likely to be related to the degree of erosion and oxidation of mine wastes. In MC, a significant increase (6960%) was observed for DOC concentrations as result of overland flow running through peat moorland areas [12] while DIC concentrations decreased (212%) due to interflow, attenuating rich-limestone groundwater [13] ( Figure S5 , Table S2 ). Figure S5 . Effects of episodic flow in concentrations of SO4 2- , DIC and DOC in the three sampling sites.
Ranges of SO 4 2-and DIC concentrations were higher in ET (0.4 to 23.5 mg/l SO 4 2-, 5.5 to 35.7 mg/l DIC) and PT (7.8 to 12.5 mg/l SO 4 2-, 17.0 to 31.7 mg/l DIC), while DOC concentrations showed the greatest variation in MC (3.0 to 32.0 mg/l) (Table S2 ). 
